Abstract Hereditary breast cancer accounts for 3-8% of all breast cancers, with mutations in the BRCA1 and BRCA2 genes responsible for up to 30% of these. To investigate the prevalence of BRCA1 and BRCA2 gene mutations in breast cancer patients with affected relatives in Tunisia, we studied 36 patients who had at least one first degree relative with breast and/or ovarian cancer Thirtyfour 34 patients were suggestive of the BRCA1 mutation and two were suggestive of the BRCA2 mutation, based on the presence of male breast cancer detected in their corresponding pedigrees. Four mutations in BRCA1 were detected, including a novel frame-shift mutation (c.211dupA) in two unrelated patients and three other frameshift mutations -c.4041delAG, c.2551delG and c.5266dupC. Our study is the first to describe the c.5266dupC mutation in a non-Jewish Ashkenazi population. Two frameshift mutations (c.1309del4 and c.5682insA) were observed in BRCA2. Nineteen percent (7/36) of the familial cases had deleterious mutations of the BRCA1 or BRCA2 genes. Almost all patients with deleterious mutations of BRCA1 reported a family history of breast and/or ovarian cancer in the index case or in their relatives. Our data are the first to contribute to information on the mutation spectrum of BRCA genes in Tunisia, and we give a recommendation for improving clinical genetic testing policy.
Introduction
Breast cancer is the most common malignancy among women, with a lifetime risk of approximately 10%. A family history of breast cancer is present in 5-10% of all cases (Guran and Safali 2005) . Carcinoma of the breast is the most common cancer among women in Tunisia, with an agestandardized rate (ASR) of 16.7 per 100,000 per year. Average age at diagnosis is 50 years (Charef-Hamza et al. 2005) .
The BRCA1 and BRCA2 genes are associated with inherited susceptibility to breast and ovarian cancer, and mutations in these two genes are thought to account for about 6-10% of all breast/ovarian cancers (Szabo and King 1997) . To date, more than 3400 distinct germline BRCA1/2 mutations, polymorphisms and sequence variants with unverified significance have been identified throughout the coding regions of both genes (Breast Cancer Information Core, BIC http://research.nhgri.nih.gov/bic/). Although analysis of BRCA1/2 mutations has greatly increased our understanding of breast cancer genetics in Western populations, little is known about the frequency and types of mutations in the Tunisian population.
We present the clinical diagnosis and results of a molecular germline analysis of 36 patients referred to the Salah Azaiez Institute with the suspicion of familial breast cancer. Mutation screening for the BRCA1 and BRCA2 genes was carried out in selected families. The initial risk assessment of breast cancer was based on family history and pedigree (Harris et al. 1992 ). All of the cases were selected on the basis of selected criteria adopted by other investigators (Kennedy et al. 2002) that indicate the importance of BRCA1 or BRCA2 mutation screening.
Materials and methods

Patients and selection criteria
Thirty-six patients were chosen with a suspicion of familial breast cancer. Data on the occurrence of various tumors (breast cancer, ovarian cancer and other types of tumors), histopathological characteristics and pedigree data were collected. In addition, age at initial diagnosis was recorded. Personal and familial cancer histories were obtained from these patients and some relatives who agreed to participate in the study. For genomic DNA testing, the project has been approved by Salah Azaiez Institute of Carcinology ethics committee, and informed consent was obtained from each patient.
BRCA1 mutation suggestivity in familial breast cancer is defined as the index case of family with at least three female relatives affected with breast and/or ovarian cancer and the absence of male breast cancer. In the cases of families with fewer than three affected relatives, the following factors were taken into account: (1) one relative (or the person considering testing) was diagnosed with breast or ovarian cancer before age 45 or (2) one member of the family was diagnosed with ovarian cancer and at least one family member on the same side was diagnosed with breast cancer (at any age) or (3) one relative (or the person considering testing) was diagnosed with multiple primary breast cancers, or (4) one relative has been identified with a BRCA mutation.
The presence of a male proband or a male relative diagnosed with breast cancer is suggestive of BRCA2 mutation (Arena et al. 1996) .
BRCA1 and BRCA2 mutations
Genomic DNA was first extracted from peripheral blood mononuclear cells isolated from each sample by means of Proteinase K digestion and then column-purified (Qiagen, Chatsworth, CA). The BRCA1 and BRCA2 exons were PCR amplified in a total reaction volume of 50 ll containing 10 mM Tris-HCl, pH 8.3, 50 mM KCl, 1.5-4.5 mM MgCl 2 , 50 mM dNTPs, 10 lM of each primer (designed by Centre Jean Perrin; sequences available on demand), 100 ng of genomic DNA and 1 U of either Taq polymerase or AmpliTaq Gold (PE Biosystems, Foster City, CA). The PCR cycling program comprised an initial denaturation at 95°C for 10 min, followed by 30 cycles of 94°C for 20 s, annealing at specific temperatures for each primer pair and extension at 72°C for 45 s. Twenty-four exons of the BRCA1 gene and 27 exons of the BRCA2 gene were analyzed by direct sequencing. The BRCA1 exon 11 was separated into nine fragments, the BRCA2 exon 11 was separated into 13 fragments and exon 10 was separated into three fragments.
Sequencing
Amplicons were purified by solid-phase extraction by QIAquick column gel purification (QIAGEN). The product was sequenced in forward and reverse reactions using the Applied Biosystems Taq DyeDeoxy terminator cycle sequencing kit according to the manufacturer's instructions. Cycle sequencing consisted of 25 cycles of 96°C for 30 s and 60°C for 30 s. Sequence analysis was performed using SEQMAN (DNAstar, Madison, WI) and SEQSCAPE V2.5 (Applied Biosystems) software.
Results
Thirty-six patients varying in age from 24 to 66 years (median age 56.8 years) were analyzed for hereditary breast cancer syndrome. Twenty-five index cases were diagnosed with breast cancer, five with bilateral breast cancer, five with both breast and ovarian cancer and one with ovarian cancer. On the basis of the pedigree analysis, the patients' families were classified in three groups:
Group A: breast and/or ovarian cancer in the same individual and more than one relative diagnosed for breast and/or ovarian cancer (11 families; 30.5%); Group B: more than one (up to three) case of breast cancer in the family without ovarian cancer (23 families; 63.8%); Group C: At least one case of male breast cancer (two families; 5.5%). (Table 1) Mutation analysis of the BRCA1 and BRCA2 was performed in these 36 index cases. Overall, six deleterious mutations were identified among seven unrelated patients (19.4%), four in BRCA1 and two in BRCA2. Table 2 shows the clinical features of BRCA1/2 mutation-positive patients, and Table 3 presents both the Human Genome Organization (HUGO) approved systematic nomenclature and the Breast Cancer Information Core (BIC) traditional nomenclature of the BRCA1 and BRCA2 mutations identified. In addition to these mutations, we identified nine distinct unclassified sequence variants (eight UV in BRCA1 and one in BRCA2) and 16 distinct polymorphisms (12 in BRCA1 and four in BRCA2) ( Table 4) .
All the deleterious mutations detected in this study were small deletions (n = 3) or insertions (n = 3) resulting in frame-shifts. A search of the BIC database revealed that five of these BRCA1/2 mutations were already in the database; one mutation, the c.211dupA mutation, was not found in the BIC database and therefore considered by the authors to be novel (Fig. 1) . This mutation was found in two unrelated patients.
Five families from Group A had a mutation: four in the BRCA1 gene (c.2551delG, c.4041delAG, c.5266dupC, c.211dupA ) and one in the BRCA2 gene (c.5682insA). This last BRCA2 mutation was found in a family suggestive of the BRCA1 mutation: the proband aged 45 years was diagnosed for breast cancer, and histological analyses indicated infiltrative ductal carcinoma. The same mutation was found in her sister, aged 44 years, who had been operated on for bilateral ovarian cancer; other relatives were diagnosed for breast or ovarian carcinoma or other cancers. The c.211dupA mutation in BRCA1 was detected in one of the 23 families from Group B, and the BRCA2 c.1309del4 mutation was detected in one family from Group C. Thus. among the three groups, BRCA1/2 mutations were more frequent in those individuals with ovarian cancer (5/11) and in those of group C (½), and they were not frequent in group B patients (½3).
Discussion
Hereditary breast-ovarian cancer may be recognized through examination of clinical data and pedigree findings which may direct molecular genetic testing. Mutations in BRCA1 and BRCA2 have an important role in hereditary breast-ovarian cancer syndrome (Harris et al. 1993) . For the risks of having BRCA1/BRCA2 mutations, two criteria are important: the number of cases of breast and/or ovarian cancer in the family and the age of onset (Pekins and Waude 1993; Vahteristo et al. 2001) .
To date, very few reports have been published about the spectrum of BRCA1 and BRCA2 mutations from the Tunisian population (Charef-Hamza et al. 2005) . No hotspot regions were reported (Yazici et al. 2000 (Yazici et al. , 2002 . Because these genes are rather large, mutation detection is laborious and expensive.
In the present study, we sought to evaluate the mutational spectrum and frequency of germline BRCA1 and BRCA2 mutations in Tunisian breast cancer patients with risk factors evaluated through the familial pedigree. Among 36 patients analyzed, 5 (14%) carried deleterious mutations in BRCA1 and 2 (5.5%) in BRCA2. This finding is in agreement with previous results showing that the frequency of BRCA1 mutations is 1.5-2.0 fold higher than the frequency of BRCA2 mutations in all regions other than Iceland (Szabo and King 1997) .
Among the six distinct mutations identified in this study, only one (c.211dupA) had not been described previously. Since the number of Tunisian patients analyzed to date is too small to exclude the possibility of founder mutations, we cannot eliminate entirely the possibility that this mutation found in two unrelated patients could have a particular ethnic origin. However, the BRCA1 mutation c.5266dupC was detected in one of the families with a history of breast and ovarian cancer; this mutation is common in the Ashkenazi Jewish population, but rare in the Tunesian population. This result suggests that mutations specific to ethnic groups should be taken into account along with familial and clinical presentation. Ahn et al. (2007) reported that among Korean breast cancer patients the frequency of the mutation increased with the number of affected family members. Our results are not in agreement with this earlier finding since we did not detect any deleterious mutation in six families belonging to group B with more that four relatives with breast cancer. We found instead that the presence of at least one case of ovarian cancer in the index case or in the relatives may increase the probability of detecting a BRCA1/2 mutation. BRCA2 c.5682insA was found in a family highly suggestive of BRCA1 mutation according to the selection criteria adopted in the present study. It has been proposed that families with mutations in the ovarian cancer cluster region (OCCR) of BRCA2 exon 11 (nucleotides 3035-6629) express a higher ratio of ovarian to breast cancer than families with mutations elsewhere in the gene (Lubinski et al. 2004 ). This could provide new guidelines in the selection criteria adopted for the screening of BRCA1/2 mutations in Tunisian patients. BRCA1 c.211dupA was found in two patients belonging to groups A and B. This indicates that along with BRCA1/2 mutations, which are major factors in familial breast cancer, other genetic and environmental minor factors are involved in the familial presentation of the disease. In conclusion, we analyzed 36 Tunisian breast cancer patients with risk factors for germline mutations in the BRCA1 and BRCA2 genes. We found six mutations in seven unrelated patients (19.4%). Detailed examination of the clinical data and pedigree findings in combination with molecular germline diagnosis are important for counseling of patients with familial breast cancer. Our data are the first to contribute information on the mutation spectrum of BRCA genes in Tunisia. Based on our results, we make the following recommendations for clinical genetic testing policy.
(1) when breast/ovarian cancer is diagnosed in Tunisian families (group A), the molecular analysis should be directed to sequencing the BRCA1 gene and OCCR region of the BRCA2 gene, as there is about a 50% of probability of finding a mutation (five mutated cases among the 11 patients belonging to group A). (2) Given the presence of male breast cancer, the molecular analysis should be directed to sequencing the BRCA2 gene with about a 50% of probability of detecting a mutation in this gene (one mutated case among two belonging to group C).
Families belonging to group B have a low probability of presenting a deleterious mutation in the BRCA1 gene (under 5% based on the ½3 cases from group B). More investigations are needed to further assess the frequency of BRCA2 mutations in this group.
